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Diroct  filling;  «old  is  siipplii-d  in  ihrt'o  forms:  foil,  crvst.i  1 1 ine 
or  m.it  , anti  powclorcd  or  sintorod.  Pure  gold,  regardless  of  form,  can 
be  cold  Welded  to  itself  by  the  application  of  force.  The  materials, 
thert‘fore,  can  be  used  interchangeably  within  the  same  cavity.  To 
maintain  cohesiveness,  all  direct  filling  golds  must  be  kept  free  from 
contaminants  such  as  saliva,  moisture  and  odors  from  tin-  breath. 

The  handling  characteristics  of  gold  foil,  m.at  gold  and  powdered 
gold  differ  somewhat.  The  high  mas.,  per  unit  vc'lume  and  spreading 
qu.ility  of  powdered  gold  facilitate  speeding  up  the  condensation  of 
the  restoration. 

The  three  forms  of  pure  gold,  w'hen  properlv  condensed,  appear  to 

5-8 

possess  comparable  strength,  hardness,  density  and  abrasic'n  resistance.' 
I’nlike  cast  gold,  direct  filling  gold  is  relatively  soft  and  weak. 
Therefore,  the  use  of  compacted  gold  should  be  limited  to  areas  where 
it  can  "fill"  rather  than  reconstruct. 

GOLD  CASTING  ALLOY 

Gold  casting  alloys  are  used  extensively  for  tlie  fixed  restora- 
t ion  of  severely  damaged  .and  missing  teeth  and  to  a lesser  degree  for 
the  fabrication  of  removablj-  partial  dentures.  — 

The  golds  are  classified  according,  to  their  hardness  as  deter- 
mined by  their  resistance  to  identation.  The  alloys  f.ill  into  four 
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f;rtnip.';:  soft  (TyjH’  t Inlay  Cold)  nunlium  (Tyi)i.'  II  Inlay  r.old),  hard 
(Typi'  III  rrnvn-and-ISr  idgt.-  Cold),  and  extra  haril  (Typo  IV  Tartial  hontnro 
Cold).  Hardness  is  nsial  to  elassifv  the  types  because,  in  p.CTiera  I,  ot  her 
mich.inical  prv'perties  correlate  with  hardni'ss. 

For  most  practical  purposes  a sa  t i sf  ac  t('ry  castinf;  alU>y  can 

be  di  f ini'd  mis- Inin  i cal  1 y by  its  values  fi'r  hardness  and  idonnat  ion  . 

The  relationship  betwei-n  hardness  and  elongation  is  ntich  less  definite 
than  the  re  lat  ii'iiship  between  hardness  and  clastic  limit,  or  between 
hardness  and  tensile  strength.  In  general,  however,  the  soft  alloys 
exhibit  higher  elongation  than  the  hard  alloys,  as  might  be  expected. 

The  classification  makes  possible  the  ration.al  selection  of  alloys  on 
the  basis  of  properties  in  relation  to  functional  requirements  im- 
posed by  the  clinical  situation. 

The  ranges  in  composition  of  the  four  types  of  gold  casting  alloys 
are  given  in  Table  . 

Table  Range  of  Percentage  Composition  of 

Dental  Casting  Cold  Alloy 

Compom-nt 

Type  of 


a 1 1 ov 

Cold 

.Silver 

Copper 

Pal ladium 

PI  at i num 

2inc 

I 

80.2-95.8 

2.4-12.0 

1.6-  6.2 

0.0-  3.6 

0.0-1 .0 

0.0-1  .2 

1 1 

73.0-83.0 

6.9-14.5 

5.8-10.5 

0.0-  5.6 

0.0-4. 2 

0.0  1.4 

III 

71.0-79.8 

5.2-13.4 

7.1-12.6 

0.0-  6.5 

0.0-7. 5 

0. 0-2.0 

IV 

02.4-71.9 

8.0-17.4 

8.6-15.4 

0.0-10.1 

0.2-8. 2 

0.0-2. 7 

The  minimum  requirement  for  gold  and  metals  of  the  platinum  group 
varies  from  H'iT,  for  the  soft  alloys.  Type  I,  to  75X  for  the  extra  hard 
alloys.  Type  IV.  More  base  metal  is  required  in  the  hard  alloys  but 
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t lit'  iiohli'  nu't.il  ci'iUi'iU  is  kii't  liij’.h  •■nout’Ji  to  (’,ivo  t.iriiisli  .iiul  corrosion 
resistance . 

Tile  properties  of  fine  p,r.iin  alloys  are  sniierior  to  those  of  coarse 

10.11 

pram  naterials.  Crain  refinement  increasi-s  tensile  strength  ‘Tnd 

elonpalion  by  about  iO  percent.  A liumiredf  ol  d increase  in  ilie  number 
of  (trains  per  unit  volume  m.iy  be  obtained  by  the  addition  of  approxi- 
mately 50  ppm  of  nillumium  or  iridium. 

M.iny  of  the  dental  pold  alloys  c.an  be  hardened  by  appropriate 
luMt  treatment.  The  alloys  that  contain  larpe  amounts  of  gold  and  metals 
of  the  pl.atinum  group  (Type  I and  TI)  have  a low  hardness  and  respond  very 
little  to  he. It  treatment.  Hard  and  extra  hard  alloys  (Types  III  and  IV) 
can  be  softened  by  quenching  after  holding  at  about  700C  (1,292F)  for 
ten  minutes.  Subsequi'nt  hardening  is  attained  by  cooling  uniformly  from 
450C  to  250C  (H42F  to  482F)  in  TO  minutes.  Creator  strength  and  hardness 
will  be  developed  under  tliis  treatment,  but  with  a consequent  loss  in 
ductility.  In  the  softening  and  hardening  of  any  specific  .alloy,  the 
recommendation  of  the  manufacturer  should  be  followed. 

1 he  mechanism  of  hardening  in  dental  gold  alloy  has  been  found 
to  be  an  order-disorder  reaction  and  the  precipitation  of  a silver  rich 
ph.ase . 

Heported  values  for  the  linear  shrinkage  of  gold  and  its  alloys  range 
^ 1 3—  1 8 

from  1.0  to  almost  2.27.  The  reason  for  the  relatively  large  spread 

in  values  m.iy  be  the  variation  in  size  and  shape  of  tlte  spec  inun  upon  which 
shrinkage  w.as  measured,  the  composition  of  the  .alloys  and  the  casting 
technique.  No  single  value,  therefore,  can  be  given  for  the  c.asting 
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shrink. igo  c'f  gold  ,nui  its  .illoys  unK's.s  those*  throo  vnri.iljlos  nre 


procisoiy  dotinod;  then  llu*  dotormined  linear  shrinkage  would  apply  to 
those  precisely  controlled  conditions  e)nly.  However,  a value  of  1.4-0.21? 
is  considered  to  he  s,i t i s f .ic torv  for  practical  castings. 

Certified  Dental  Casting  Cold  Alloys 
ADA  Specif  ic.it  ion  N'o.  5 

Type  1,  Soft 

Vickers  Hardness  N’limher  50-90 

Adorer  "A"  Soft,  d.  Aderer,  Inc. 

Baker  Inlay  Soft,  Baker  Dental  Dept,  of  Engelhard  Industries, 
Engelhard  Minerals  & Chemicals  Corp. 

Codesco  I’remium,  Codesco,  Inc. 

Crown  K Iniay;  No.  2 inlay,  (ienerai  Rerincries,  Inc. 

Deeone,  Howmtdica,  Inc.,  Dental  Div. 

Goldsmith  1 Inlay,  D.  F.  Goldsmith  Chemicals  4 Metals  Corp. 

.lelenko  Special  Inlay,  .1.  F.  .lelenko  & Co.,  Pennwalt  Corp. 

Leff  Light  Inlay,  Leff  Dental  Golds 
Mowroy  S-1 ; S-M;  22K,  W.  E.  Mowrey  Co. 

Ney-Oro  A-A,  J.  N.  Ney  Co. 

Noble  1,  .Noble  Metals  4.  Alloys  Co.,  Inc. 

P.x  Jeneric  A,  Rx  deiieric  Gold  Co.,  Inc. 

Stetjigold  S,  Sterndent  Corp. 

Veribest  22  Kt  Inlay,  A.  Sz.'ibti  Co.,  Inc. 

Wilkinson  2S,  Wilkinson  Co. 

Williams  Harmony  Line  Soft,  William.s  Gold  Refining  Co.,  Inc. 
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Tvpc  H,  Mi'll  iiim 

Vickors  l'..ircliu'ss  N’limbcr  ‘•0-120 

Ailorer  "H"  Mi-iiuim,  .1.  Aili-rer,  Inc. 

AU'Cu  No.  1;  No.  2,  A.  L.  Mn^olh.irdt  Co.,  a subsidiary  of  Hovanedica, 
Amtrican  Gold  "M"  Inlay  Medinni,  American  Gold  Co. 

American  Gold  "M-II"  Inlay,  American  Gold  Co. 

Aiistenal  No.  2,  Howmedica,  Inc.,  Dental  Div. 

baker  Inlay  Medium,  B.iker  Dental  Dept,  of  Kngelhard  Industries, 
Kngelhard  Minerals  £.  Chemicals  Corp. 

Codesci'  Premium,  Codesco,  Inc. 

Crown  No.  1;  Knapp  No.  2;  T,  General  Refineries,  Inc. 

Dee  two,  Howmedica,  Inc.,  Dental  Div. 
i/tri'it  oc  iii  No.  I , A.  0Z«ii>O  Co*  ♦ , iPiC  • 

Inlay  II  B,  Direct  Dental  Sales  fi  Supplies,  Inc. 

•lelenko  Modulay;  Platincast;  820  Medium  Hard,  .1.  F.  Jelenko  f<  Co., 
Pennwalt  Corp. 

Leff  Medium  Soft,  I.eff  Dental  Golds 
Libra  II  Inlay  and  Crowni,  Libra  Gold  Co. 

Nowrey  B Inlay;  No.  91;  S-2;  T,  W.  E.  Mowrey  Co. 

Noble  2,  Noble  Metals  & Alloys  Co.,  Inc. 

Rx  Jeneric  B,  Rx  Jeneric  Gold  Co.,  Inc. 

Sterngold  1,  Sterndent  Corp. 

Ticonium  1C2,  Ticonium  Co. 

Wilkinson  8M;  76,  Wilkinson  Co. 

Wllli.ims  Harmonv  Line  Medium,  Williams  Cold  Refining  Co.,  Inc. 


Inc . 


Tvpo  nr.  n.ii-ii 

Viiki'rs  li.iriliu-Ks  Nuniht’r  120-130 

Acii'ri'r  "C"  BriiljU';  Ori'ssi'l,  .1.  Adcrcr,  Inc. 

Alcco  N'o . 4;  No.  5,  A.  I..  Kin-.c  1 harO  t Co.,  a stib.siciiary  of  Howniod  i ca , Inc. 
.American  (4)  Id  "ti"  Bridy.e,  American  Cold  Co. 

American  Cold  "I"  Brid}’,e  H.ird,  American  Cold  Co. 

Aii.stonal  No.  5,  lU'^mied  ica , Inc.,  Dental  Div. 

Baker  Inlay  Hard,  Baker  Dental  Dept,  of  HngelHard  Industries,  F.ngelhard 
Minerals  & Chemicals  Corp. 

Bridge  IIl-C,  Direct  Dental  S.iles  & Supplies,  Inc. 

Codesco  rremium,  Codcsco,  Inc. 

Cnivn  Kanpp  No.  1;  No.  9;  Supreme;  TT,  Ceneral  Refineries,  Inc. 
r)v'  2^  I M y i C , Inc.  , f .o  1 !)  1 . 

Dent  Gold  No.  2,  A. Szabo  Co.,  Inc. 

lelenko  Durocast ; Kirmilay;  .1-9;  No.  11,  J.  F.  .lelenko  iv  Co.,  Pcnnwalt, 
Corp . 

Leff  "C",  Leff  Dental  Golds 

Libra  1 1 I Crown  and  Bridge,  Libra  Cold  Co. 

Mowrey  120;  S-3;  Special  Inlays;  TT,  W.  E.  Mowrey  Co. 

Nev-Oro  B-2,  J.  M.  Ney  Co. 

Noble  3,  Noble  Metals  & Alloys  Co.,  Inc. 

Rx  Jeneric  C,  Rx  Jeneric  Gold  Co.,  Inc. 

Speyer  No.  18;  No.  21,  Speyer  Smelting  & Refining  Co. 

Sterngold  2;  Sterngold  Inlay;  Sterngold  B;  Stcrngold  Bridgette  Inlay; 

Sterngold  5,  Sterndent  Corp. 

Ti coni urn  TG3,  TIconlum  Co. 

Wilkinson  9M,  Wilkinson  Co. 

Williams  Harmony  Line  Hard;  "Klondiker,"  Williams  Gold  Refining  Co.,  Inc. 
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Ivpt  I\',  Ky.t  r,i  Hani 
Vii'kors  HaialiU'Ss  Numbor 
tbii  lu'lual . Miniir.um  ISO; 

H.i  nloiu'il , Miiiinuim  220 

AdtTiT  Nil.  '!  liriiipi’  Odd;  I’rcicast  Ould,  J.  AiIctct,  Inc. 

Aloco  N('.  9,  A.  I..  laipdliardt  Co.,  n subsidiary  of  liowncd  i <:a , Inc. 

American  Cold  "C"  I’artial  bxira  Hard,  American  Cold  Co. 

baker  Inlay  Extra  Hard,  b.aker  Dental  Dept,  of  Enjtelbard  Industries, 
Eniiclbard  Minerals  f>  Chemicals  Corp. 

bridge  Partial  IV  1),  Direct  Dental  Sales  & Supplies,  Inc. 

Codesco  Premium  Type  IV,  Codesco,  Inc. 

Dee-Eighteen,  Howmedicn,  Inc.,  Dental  Div. 

Jelenko  No.  7;  J-13,  .1.  F.  Jclenko  {»  Co.,  Pennwalt  Corp. 

I.eff  H.ard,  I.eff  Dental  Colds 

I.ibra  IV  Extra  h'ard,  Libra  Gold  Co. 

Mowrey  No.  8;  Par-Cast,  W.  E.  Mowrey  Co. 

Ney-Oro  C-'3,  J.  M.  Ney  Co. 

Noble  4;  18;  19,  Noble  Metals  S,  Alloys  Co.,  Inc. 

Rx  Jeneric  IV,  Rx  .leneric  Cold  Co.,  Inc. 

Sterngold  3;  Sterngold  Supercast, Sterndent  Corp. 

Ticonium  TCJA , Ticoniuin  Co. 

Williams  Harmony  Line  Extra  Hard,  Williams  Ci'ld  Refining  Co.,  Inc. 
Porcelaii^  to  Metal  Systems 

Tlie  fusion  of  porcelains  to  metals  is  an  ancient  art.  However,  only 
since  the  early  I930's  has  the  fusing  of  glasslike  substances  to  cast 
fixed  restorations  been  of  interest  to  the  dental  profession.  The 
following  problems  initially  encumbered  the  production  of  porcelain- 
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ini-t.il  .lf!U;il  list  (ir.u  ions : fusi-t!  porcolaiii  cl  i splayed  cracks  after  firiiif. 
bec.mse  I'f  tiie  mism.itclt  ef  thermal  exp.insieii  between  tlie  porcelain  and  the 
mi'tal  subst  met  uri-,  color  of  the  fused  porcelain  was  altered  adversely  bv 
color-forr.in)’,  oxides  and  by  ti'chnique,  and  separation  of  the  porce  1 a hj-me  t a 1 
couple  occurred  upon  the  flexure  of  applicuices  cast  from  soft  gold-based 
a 1 levs . 

Over  the  past  two  decades,  the  foregoing  difficulties  have  been 

Ih  20 

reduiedin  i''ccurrence  and  severity.  ’ “ Development  of  improved  porcelain- 
alloy  systems  has  enhanced  both  the  usefulness  and  the  status  of  the  porce- 
lain-fused-to-metal  restoration.  With  skillful  h.indling,  these  systems 
yield  esthetically  pleasing  restorations  that  can  withstand  the  stresses 
of  mastication. 

High  Gold 

"High  gold"  is  a ti-rm  applicable  to  high-fusing  crown-and-br idge 

alloys,  the  gold  c.c'ntent  of  wdiich  exceeds  85%  by  weight.  These  alloys 

contain  sufficient  palladium  (about  b%)  and  platinum  (about  A")  to  insure 

that  their  fusion  temperature  range  is  higher  than  the  fusion  temperatures 

of  dental  porcelains.  The  high  golds  contain  relatively  small  cpiantities 

21 

of  silver,  iron,  indium  and  tin. 

High  gold  alloys  exhibit  a subdued  yellow  hue.  Strength  and  liard- 

ness  values  of  the  c.ist  m.aterials  are  witliin  the  range  of  type  III  casting 

golds,  whereas  elongation  is  within  the  range  of  hardened  Type  TV  golds 

'’1 

and  chromium-containing  partial  denture  casting  alloys.  Porcelain  to 

22-26 

metal  bond  strength  is  adequate. 

Hardening  of  high  gold  castings  occurs  during  the  porcelain  firing 
21  27-29 

procedure.  ’ The  aging  mechanism  appears  to  involve  the  transforma- 

tion of  an  iron-platinum  intermetal  1 1 c compound  (Pert)  that  forms  during 
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s(i  lid  i f i i-.it  i nil  iir  .it  ti-miu-r.itiiri'S  jii.st  bolow  tlie  solidus  to  Fc-rt.^  .it 
toir.por.'it uros  below  982(1.  It  is  likely  tli.it  indium  .ind  tin  inflm-nci* 
to  some  extent  tlu-  effects  of  the  FePt.^  prec  i p i t.it  e . The  princip.il 
functions  of  indium  .-ind  tin,  however,  .ire  pri'b.ibly  other  th.in  h.ir- 
dening  or  st  rengt  hen  i np, . Among  such  functions  are  perh.ips  grain  re- 
finement, control  of  the  coefficient  of  thermal  expansion  and  improve- 
ment of  the  porcel a in- to-met  a 1 bond. 

Low  Gold 

Light-colored  precious-metal  crown-and-bridge  alloys  have  been 

available  for  several  years. High  fusion  temperature  ranges, 

low  ductility  and  ciuest ionab Le  tarnish  resistance  have  discouraged 

the  routine  use  of  these  materials  in  fixed  prosthodont ic  procedures. 

Recently,  however,  seemingly  new  "white  golds"  or  "low  golds"  have 

attracted  increased  attention  as  potential  substitutes  for  the  more 

32 

costly  yellow  alloys.  Several  white  golds  intended  primarilv  for 
use  in  the  ceramic-metal  technique  have  appeared  on  the  commercial 
market . 

The  gold  content  of  low  gold  systems  varies  from  a minimum  of 

about  20°;  by  weight  to  a maximum  of  (i02  by  weight.  Cold  content  of 

most  available  products  is  approximately  507.  Sufficient  palladium 

is  used  in  production  of  the  alloys  to  raise  the  total  noble  metal  con- 

tent  to  at  least  807.  The  majority  of  low  gold  alloys  contain  silver 

which  contributes  to  their  whiteness.  .Minor  quantities  of  base  metals 

such  as  indium,  tin,  nickel  and  gallium  play  a significant  role  in  the 

3 3 34 

development  of  hardness  and  strength.  ’ 


-9- 


S'tri'ni;tli  i-li.ir.u-t>-r  u;t  ii-s  llii'  Idw  )’,cld  alloys  aro  raM  o 

to  tiioHt'  of  hardiiu-il  Tvj>i'  111  castiii)',  'liioso  materials,  how- 

(.•vor,  arc  hardir  and  less  ductile  th.in  convi'ii  t i ona  I rrowri-and-biidye 
al  loys.  ^ I’orci'lain  to  metal  hond  stri'tij’.th  is  adeq  iia  t 

P,i  1 1 ad  i ur!-:i  i Ivi  r 

The  use  of  veneerahle  alloys  containin;;  substantial  anounfs  riT 
palladium  fdJ”'  to  by  veiybt')  and  silver  (107  to  nO"'  bv  w ipht) 

has  incris'ised  in  rer.  nt  years.  The  pa  1 1 ad  i um- s i 1 ve r based  crown- 
and-bridge  alloys  tuaitain  Very  little  or  no  gold.  ’ ' Althouc.h 

the  nobility  of  palladium  is  lower  than  that  of  platinum,  the  prefer- 
ence for  pall.idium  as  a maior  component  of  these  allovs  is  due 
probably  to  the  lower  melting  point,  lower  cost  jicr  unit  v^'i’iglit  , and 
lower  den.sit>’  of  pa.  1 1 .ad  ium . 

The  pa  1 1 ad  i um- s i 1 ver  alloys  used  for  fabric.ition  ol  p('rcel.ain- 
fused-to-metal  ri-si  or.u  ions  contain  minor  anHunU  s of  low  r.eltinp 
base  metals  s\ich  as  a.  i tie , indium  ('r  tin.  These  eompoiu-nt.s  iiu  ri-ase 
the  fluidity  of  tlu-  molten  alloy  and  therihv  improve  its  oast abi 1 1 t v . 
Indium  and  tin  alsc'  form  1 n t erra- 1 a ! 1 1 c compiunuis  with  hi'th  pall.idium 
and  .silver.  Age  h.irdening  of  ceri.;in  alloy.-  appears  to  be  rel.ited 
to  the  formation  ot  these  t (>;Ti[)ound.s . 
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I'ri'ni  m.i  till  t'.u  t ur  I- rs  ' data  and  f run  linitcil  i luii-ptiulciil  lalxiratorv 

invi'St  i)^,at  i('ii  it  Sfonis  that  t lu'  strciinth  cha  rar  t cr  i s t i cs  of  t tic  pal- 

lad  i uia-s  i 1 vi  r hascil  materials  arc  comparable  to  those  of  tiardem-d 

Tvpe  III  cast  inp.  p,ol<ls.  ^ 'I'tiese  allovs,  however,  aia-  i rai  i f i can  t 1 y 

harder  and  less  ductile  t lian  Type  III  pol<ls.  The  ilepree  of  hondinp, 

2a,  ?h 

I't  porcelains  to  the  alloys  a[ipear.s  to  he  adefiuate. 

The  siiccesstul  fabrication  of  fixed  prostheses  from  the  palla- 
dium-silver .allovs  re(|uires  strict  .adlu’rence  to  meticulous  laboralorv 
t echn  i qiu.- . 'I'he  .alloys,  in  the-  m.alten  state,  readily  occlude  .and 
inti'r.ict  with  atmospheric  pascs.  Tiie  entr.apment  of  cases  may  result 
in  tile  production  of  porous  c.astings.  The  casting  of  multiple  com- 
ponents, therefore,  requires  the  use  of  a well  designed  sprue  .irr.ange- 
ir.tnt  that  provides  adequatt  reservoirs  and  vents.  The  use  of  bor.ix 
(reducing)  flux  is  gener.ally  recommt'nded  to  prevent  excessive  oxida- 
tion of  the  allovs  during  the  fusion.  However,  so  that  possible  con- 
tamination of  the  iTiet.al  can  be  avi'ided,  a flux  should  not  be  useii 
when  the  castings  .are  to  be  veneered  with  porcelain.  The  allc'VS 
are  att.icked  vigorously  by  miner.al  acids.  Therefore,  the  remov.il  of 
investm.ent  debris  and  cleaning  of  the  cast  pieces  m.ust  be  .accorip  1 i shed 
by  liquid-honing  or  s.andbl.ast  ing. 

In  ►he  use  of  palladium-silver  alloys,  certain  specific  points 
must  be  cons  iderid  . Alloys  with  less  than  507  p.i  1 1 .ad  i urn  may 
tarnish  in  the  oral  environment,  although  their  mechanical  prciperties 


nr 


may  he  oom.pl  i-t  ely  .uk  tui.iti-  lo  meet  the  retju  i ’"enieii I of  1 oiip,- 1 erm 
funotiini.  Khi'n  piiroelaiii  is  f i ri'il  to  alloys  oonta  in  in;;  silver  in 
exooss  of  8%  to  10"  , a yellowish  green  <1  i sool ora t i on  of  tlie  porcelain 
mav  occur  during  the  firing  ('pcration.  This  difficulty  may  he  pre- 
cluded hv  app  1 ic.it  i('n  of  a sultahle  colloidal  gold  coating  agent  to 
tile  metal  suhs  t rue  t ure . 

Since  suffii  i:.U  data  based  on  long-term  ohser  vat  ions  of  fixed 
prostheses  fabrii-ated  from  palladium-silver  based  alloys  are  not 
available,  the  clinical  efficacy  of  these  materials  cannot  be  ascer- 
tained. It  appears,  t herefore , tiiat  caution  and  conservation  should 
be  exercised  in  their  present  use. 

Since  the  late  1^60's,  more  than  20  relatively  inexpensive  base 

metal  alloys  have  been  marketed  for  use  in  the  porcelain-fused-tt'- 

metal  technique.  .Compositional  features  of  tliese  m.itcrials  reflect 

obvii'us  as  well  as  subtle  departures  from  the  comj'osi  t i ons  of  base 

37-39 

metal  partial  denture  alloys.  .N'ickel  fabout  802  to  807  by  weiglit) 

and  chrom.lum  (about  127  to  207  bv  weight)  are  the  m.aior  const  i t uint  s 
of  most  available  products.  At  least  om-  alloy  is  b.ised  on  an  iron 
(about  552  bv  we  ight  )-chromlum  (.about  27°'  by  wi  igl-.t)  svstem. 

Modification  of  the  nickel-chromium  system  by  addition  of  v.arving 
amounts  of  minor  alloying  elements  such  as  carbon,  molvbdenum,  aluminum, 
manganese,  tung.sten,  niobium,  tantalum,  boron,  silicon  and  beryllium 
has  made  possible  the  availability  of  a broad  selection  of  castable 
alloys,  the  structural  features  and  properties  of  whiclt  are  signifi- 
cantly diverse.  Therefore,  each  base  metal  restorative  alloy  must  he 
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cons  itiirid  ;is  ;i  iiniqui'  entity.  ('.one  1 ns  i ons  b.iKCci  on  i-xpir  i c-nce  with 

one  miti’i'inl  cannot  he  used  to  predict  t)ie  heh.ivior  of  another. 

Ihe  h.ise  mel.il  crown-anii-l)riilj;e  alloy.s  are  platinum  coh'red, 

1 ip.htwe  ipht  and  possess  little  or  no  scrap  value. 

Av.iilable  base  metal  alloys  offer  broad  ranges  of  hardness  and 
AO 

strength.  l-Iost  base  metal  alloys,  hc>wever,  are  harder  ,ind  stronger 

than  precious  metal  c r('\>ni-and-br idge  alloys.  Generally,  the  Vickers 

hardness  of  the  base  metal  alloys  is  about  twice  that  of  precious 

met al -porce 1 a i n alloys.  Ultimate  tensile  strength  and  yield  strength 

have  ranges  of  552  to  1,024  MN’/m^  (30,000  to  150,000  psi)  and  221  to 
o 

759  MN'/m"  (32,000  to  110,000  psi),  respectively.  .Modulus  of  clas- 

3 2 

ticity  values  are  close  to  207  .X  10  MN/m'"  (30  million  psi).  Elonga- 
tion of  most  materials  is  relatively  low  (27'  to  107()-  Ai  temperatures 

emploved  in  porcelain  veneering  the  sag  resistance  of  the  base  metals 

41 

is  greater  than  that  of  high-fusing  precious  alloys. 

High  modulus  of  elasticity  (rigidity)  and  high  yield  strength 
(resist. ince  to  permanent  deformation)  suggest  the  potenti.il  usefulness 
of  the  base  metal  alloys  for  the  casting  of  thin  copings  and  retainers, 
as  well  as  for  the  f.ibricat ion  of  long-span  fixed  partial  dentures. 
These  properties,  however,  when  coupled  with  low  ductilitv  and  high 
hardness,  impede  finishing  and  .adaiitat  ion  of  m.argins.  High  hardness 
also  rom!»!ifates  thi’  adjustment  of  proximal  contact  areas  and  occlusal 
equ  i 1 i br.it  ion  . 

The  .ipp  1 icat  ioi.  of  porcel.iin  to  the  b.ise  metal  crown-and-bridge 
alloys  is  a sensitive  technique.  Success  of  the  procedure  depends  on 
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rift  i I'll  1 oils  svirfacf  inip/iTMi  ion  ol  t hi'  stuhstr.itc  c.ist  i iip.s  . I'.v.i  1 iiat  i on 

of  t tu'  apparent  homi  .'>treii(;th  of  varion;.  lia.se  mi't  a 1 -po  rt  o ! a i n eoni- 

binations  has  slu'wn  that  sonu'  values  are  s i pn  i f irant  1 y higher  and 

others  significantly  lower  than  the  bond  strength  of  precious  alloy- 

2 S . 4 0 42 

porcelain  systems.  “ rxcessivi’  oxides  wliich  acrui'  at  the  surface 

of  si'me  base  metal  alloys  during  porcelain  firing  apjiear  to  preclude 

42  4 3 

adequate  porce 1 a in- 1 o-meta 1 bonding.  ’ 

Some  base  metal  c rowai-and-br idge  alloys  have  higher  in  vitro 


corrosion  rates  tlian  dental  casting  golds.  The  clinical  significance 
of  this  finding  is  not  known.  Additionally,  sufficient  research  rele- 
vant to  determination  of  the  long  term  compatibility  of  fixed  base 
metal  prostheses  with  tissues  of  the  human  host  is  lacking. 

Alloys  that  contain  beryllium  may  be  h.axardous  to  laboratory 
40 

workers.  Bervlliosis,  a condition  cliaracter  ixed  by  the  lormation  ot 
granulomas  of  the  lung,  and  more  rarely  of  the  skin,  lym.ph  nodes  and 
liver,  may  result  from  exposure  to  the  element  during  melting  and 
grinding  of  bervllium  containing  allovs.  Inhalation  of  fumes  and 
dusts  of  beryllium  and  its  compounds  is  the  majcir  route  of  expi'Sure. 
Although  no  instances  of  beryllium  toxicity  in  di'ntistry  have  lu'en 
reported,  dental  industry  has  ti'iided  t('  move  toward  tlu'  manufacture  of 
beryllium  free  m.atcrials. 

The  most  perplexing,  problems  associ.ited  with  the  use  of  available 
base  metal  crown-.and-br  idge  allovs  .ire  difficulties  t'ncount  iTed  in 
the  casting  of  these  materials  using  procedure’s,  investments  .and 
equipment  designed  for  the  cent  r 1 f ug,.a  1 casting  oi  gi'ld  .alloys.  Thin 
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Sfctions  of  basv'  iTK’t.il  o.isl  inj-s  often  are  i iiconp  1 e t e . I iin  .let  lil  of 

marjtins  is  prone  to  oi' 1 i t i-ra  t i on  hv  ronndin)’,.  f.xt  r.ieorona  11  v rilained 

castings  made  for  preparations  with  relativelv  parallel  wall.s  (•S” 

iH 

taper)  often  fail  to  seat  completely.  Critiial  attentic'n  to  indi- 
vidual t I'clin  i tj  lie  d i f f eretii’i'S  is  ritjiiireil  to  redii't  tin  f re'jiienrv  of 
occurrence  of  tiiese  prt'blems. 


Rase  Metal  .Mlovs 


Alloys  of  base  metals  are  the  principal  materials  from  which 
removable  partial  dentures  are  fabricati'd.  They  are  tised  to  a lesser 
extent,  for  the  construction  of  full  denture  bases,  implants  and  tooth- 
borne  surgical  and  piriodcuital  splints. 

Most  base  metal  partial  denture  alloys  do  not  contain  precious 
or  noble  elements.  Tb.e  alloys  must,  bv  the  compos,  i t i on  requirement 
of  American  Dental  Association  Specification  No.  14,  contain  a total 
of  not  less  th.in  S3  percent  by  weight  of  chromium,  cobalt  and  nickel. 
Pass  iv.it  ion  of  alloys  mi'et  ing  the  requirement  is  sufficient  to  provide 
reasonable  assurance  of  corrosion  resist.ince.  (a'balt  (.around  60?)  and 
chromium  (2^%  to  30"')  are  tin-  m.aior  constituents  of  mi'St  available 
products.  Molybdenum,  carbon  and  ttmgsten  are  princip.il  st  renp.t  hen  ing 
elements.  The  alloys  may  also  contain  minor  additions  of  iron,  m.ingan- 


ese,  tantalum,  platinum,  niobium,  gallium,  copper,  iron,  carbon  and 


s i 1 i c:  on  . 


45,46 


One  alloy  acceptable  for  use  in  p.irti.il  denture  prostheses  is 
formulated  on  a nickel  (about  70?' )-chromium  (about  16"')  systi-m. 
This  material  contains  relatively  little  cobalt.  Import.int  minor 


r(>mponents  of  the  nickel-chromium  alloy  Include  aluminum  (about  2.5') 
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and  hiTvllinni  (abmil  0.')*).  Ahimimim  and  nicki'l  form  a j'.anmia  primo 
("i')  phast'  on  cool  in>;  of  tlu'  alh'vs  from  their  sol  iihis  to  room  t em- 
piratnre.  I’resnmab  1 v , y*  an  i iil  ermet  a 1 1 i c compound  bascil  on  thi  formula 

Niy\l.  Precipitation  of  i ' plays  a prominent  role  in  the  st  reipit  hen  iny; 
and  hardening  of  tlie  nickel-chromium  alloy.  Uervllium  lowers  the  r-  Itinr. 
temperature  range  and  improves  grain  struiture. 

Some  physical  char.icterist  ics  of  tht-  base  metal  a!  levs  difftt 
markedly  from  those  of  partial  denture  golds.  tlomparai  ivelv,  bas.' 

mi-tal  alloys  exhibit  higher  melting  tempt  ratures , greiiir  .isting 
shrinkag.e  and  lower  density.  Polished  prosthetic  devices  c.ist  from 
base  metals  are  lustrous  and  silver  wliite.  • ^ 

Base  metal  partial  denture  alloys  are  about  10  perci'nt  harder  than 
Type  IV  golds.  Typical  Rockwell  (R-'inN")  hardness  values  ranv.c  between 
50  and  BO.  Aiipliances  cast  from  alloys  e>:hibiting  such  hardness  must 
be  finished  and  polished  with  special  laboratory  equipment. 

I'ltimate  tensile  strengtlis  of  the  base  metal  alloys  range  from 

B20  to  H'30  MN/m^  (90,000  to  120,000  psi).  These  values  fall  within 

the  range  of  tensile  strength  values  e.xhibited  by  partial  denture  golds. 

Similarly,  yield  strengths  of  the  nonprecious  alloys  lie  between  AlA 
o 

and  620  M.N/m'^  (60,000  and  90,000  psi)  and  are  comparable  to  the  yield 
strengths  of  Type-  IV  golds.  When  comparing  yield  strengths  of  base 
metals  wTth  tliose  of  golds,  the  amount  of  "offset"  (0.1  or  0.2?) 
used  in  analvsis  of  stress-strain  diagrams  or  load  tracings  must  be  the 
same  for  both  types  e)f  materials.  Use  of  a 0.2/(  offset  in  the  testing 
of  base  metal  alloys  is  comme?n.  The  resulting  values  may  be  as  much  as 
10  percent  higher  than  those  obtained  with  a 0.1/(  offset. 


Ki>;iJitv  nf  h.isc  nx’t.il  [>irii.il  iJiTitiirc  .illovs  is  .ipprox  i ri;ii  c- 1 v 

twice  tii.it  (it  (..ist  ileiitiil  p.eKls.  I'lie  r»' t ure , muier  .1  c.iven  In.ii!  within 

its  el.istic  limit,  .1  striutiire  c.Tst  f rem  .1  h.isc  met.il  .illov  will  he 

iii-1  1 eiteii  I'nlv  li.ilf  .IS  mui'li  is  .1  like  structure  m.uie  from  ptiUi  alloy. 

Moiiiilus  of  el.Tsticitv  v.iliu-s  of  coli.i  1 1 -chrom  i urn  ;iriii  11  i eke  1 -cliromium 

1 2 

p.irtial  Venture  .illi'vs  .ippro.ich  207  XIO  MN’/m  ( KJ  million  psi). 

Base  met.il  allovs  tend  to  he  brittle  rather  tli.in  ductile.  Factors 

such  as  melting  procedure,  casting  temperature  and  mold  conditions 

1 i 14 

aflect  microstructure,  wiiicli,  in  turn,  influence  elongat  lim . ’ 

Available  iiase  metal  partial  denture  alloys  exiiibit  "a.s-ca;:t"  elonga- 
tion values  of  2 to  10  percent. 

The  mechanical  properties  of  cob.il t-chromium  partial  denture 
allovs  can  be  neitlior  improved  nor  controlled  by  heat  treatment.  I'rop- 
erties  of  some  nickel-chromium  biised  materials,  however,  can  be  altered 
by  liigh  temperature  treatment.  For  heat  treatable  materi.ils,  a softening 
treatment  (15  minutes  at  9820  follt'wed  by  water  quenching)  mav  be  used 
to  improve  workability.  Subsequent  reliardening  (15  minutes  at  7040 

followed  by  water  quenching)  will  increase  toughness  of  cast  appl  i- 
55-57 

ances . 

Cliromium  containing  allots  are  .ittacked  chlori  ne.  Household 
bleaches  should  not  be  used  to  cleanse  removable  appliances  m.ide  from 
base  metal  alloys. 

Allergic  responses  to  the  ctuist i tuents  of  base  metal  alloys  are 
observed  occasionally.  However,  most  adverse  tissue  reactions  attributed 
to  the  wearing  of  a base  metal  prosthesis  are  manifestations  of  improper 
design  or  poor  fit. 
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( t’rt  i f i I’ll  IH'iitiil  (l.ist  Chrum  i rim-don  t a i n i nj'.  Alliiys 
ADA  SjH'i-  if  i ca  I i imi  No  . 1 4 

Tvpi‘  I,  l!it;h  I'lisinj; 

Allnv  X- 1 2 , Iftlcral  Pros  t hi-t  i cs  , Inc. 

Dcntor iiim,  Dcntorium  Products  Co.,  Inc. 

■ ID  Alloy;  LG  A1  lov,  .1.  F.  Jelonko  & Co.,  Ponnwalt  Corp. 

N'iraniiim,  Niraniiim  Corp. 

•Nobilium  Alloy,  N’obiliiim  Product.^,  Inc. 

Platinoro,  Allen  Dynamics,  Inc, 

Kepalloy,  Ransom  & Randolph  Co.,  Div.  of  Dcntsply  International,  Inc 

Stalite  Chromium-Cobalt  Alloy  "S"  Ingots,  Buffalo  Dental  Mfg.,  Co., 

Ticonium  Pri’mium  100,  Ticonium  Co. 

Vitallium,  llowmedica,  Inc.,  Dental  Div. 
a 

Vitallium^’,  Hov-medica,  Inc.,  Dental  Div. 

Wironium,  Vlilliams  Cold  Refining  Co.,  Inc. 

Type  II,  Low  Fusing 

Ticonium  No.  50,  Ticonium  Co. 

W rojLig h_t_  Wire 

The  usefulness  of  wrought  wire  in  the  construction  of  clasps  and 
orthodontic  appliances  is  derived  r..iinly  from  its  ability  to  tr.insmit  , 
store  and  resist  forces. 

Precious  alloys  used  in  the  manufacture  of  wire  are  complex 

materials  containing  gold,  platinum,  copper,  palladium,  silver,  zinc, 

S8 

and  occasionally  nickel.  The  specification  for  wrouglit  gold  wire  alloy 
pre.scribes  two  grades  of  wire,  One  grade  lias  a high  precious  metal 
content  and  is  a white-colored  wire,  designated  as  Type  1;  the  second 
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)’,r.uif  Itas  .1  ](iw  prt-'ciiHis  rica.il  ct'iUi'iit  ■itid  is  a pul  ci-co  lorcd  wire-, 
di'S  ipn.iti'd  as  Type  11.  TTie  raiipe  in  eomposition  ef  Type  1 .and  Type  If 
■ illeys  is  pivi-n  in  Table  . 

Type  1 win  ih.it  ceraplies  with  the  specification  recpiin-ment  for 
conposition  will  contain  not  les.s  than  pold  .ind  metals  of  the 

platinum  proup.  Tlie  pold  colored  wire  (Type  II)  must  contain  no  less 
than  657  gold  .and  metals  of  the  pl.it  inum  group. 


Table Range  of  I’erceiitage  Composition  of 

Kroupht  Gold  Wire  Alloys 


Type  of 

a 1 loy 

Gomnonen  t 

Gold 

S i 1 ver 

Copper  1 

’.1 1 1 ad  ium 

PI  at inum 

7-inc 

N i cV.e  1 

I 

II 

55.6-63.2 

60.0-67.1 

8.5-12.4 

8.4-21.4 

10.2- 15.2 

10.2- 19.6 

0.0-  8.2 
0.0-10. 5 

6.8-17.6 
0.0-  6.5 

0.0-0. 6 
0.0-1 . 7 

0.0-1 .9 
0 . 0-6 . 2 

(a)ld  alloy  wires  obtain  their  properties  from  their  composition 
and  from  their  wrought  structure.  Pertinent  physical  properties  of 
Type  II  wire  are  significantly  lower  than  those  of  Type  I.  Nonethe- 
less, the  less  expensive  gold  colored  wire  is  used  more  frequently  than 
the  white  gold  wire. 

Most  gold  wires,  as  supplied  bv  the  manufacturer,  are  anne.iled 
and  normally  do  not  require  further  annealing  during  fabrication. 

If,  during  processing,  severe  bending  is  necessary,  then  additional 
annealing  may  be  required.  The  manufacturer's  recommended  annealing 
temperature  should  be  followed.  C.ire  should  be  taken  not  to  overheat 
the  wire  as  overheating  may  destroy  tlie  wrouglit  structure,  thtreby 
significantly  reducing  the  properties  of  the  wire. 
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M.iiiy  wrovif.lit  j’l'ld  wii'fS  o;m  be  ngc*  li.i  rdeiied  . 'I  lie  tn.iiiu  f .'ic  t lire  r ' s 
ri-commenilat  ion  of  ii'mperature  and  time  should  be  followed  to  obtain 
the  best  combination  of  hit;li  liardness,  strength  and  ductility  that 
can  be  developed  in  the  alloy. 

Less  expensive  wrought  stainless  steels,  n i eke  1 -c hrom i um  a 1 1 1'vs 
and  cobalt-cliromium  alloys  liave  largely  displai-od  t iie  gold-b.ased 
alloys  in  ortliodontics.  Excellent  tarnisli  and  corrosii'n  resistance 
exhibited  by  tlie  base  metal  wires  is  imparted  principally  by  chromium. 

Certified  Dental  Wrought  Gold  Wire  Alloy 
ADA  Specification  No.  7 
Type  I,  High  I’recious  Metal 

Aderer  No.  20  Clasp;  No. ’4,  ,1.  Aderer,  Inc. 

Crown  Hylastic,  General  Refineries,  Inc. 

Deepep-iiard , Howmedica,  Inc.,  Dental  Div. 

delenko  Super  Wire,  J.  F.  delenko  & Co.,  I’ennwalt  Corp. 

Mowrey  12%  Wire,  W.  F. . Mowrey  Co. 

Nev-()ro  Elastic  No.  4,  J.  M.  Ney  Co. 

Williams  No.  2,  Williams  Gi'ld  Refining  Co.,  Inc. 

Type  II,  Low  I’recious  Metal 

Aderer  No.  16;  No.  18  Clasp,  d.  Aderer,  Inc. 

Mowrey  No.  1 Wire,  W.  E.  Mowrey  Co. 

Ney  Gold  Color  Elastic,  J,  M.  Ney  Co. 

Sterngold  G-43,  Sterndent  Corp. 


Williams  No.  4;  No.  70,  Williams  Gold  Refining  Co.,  Inc. 


J’t'rf iiniii‘ci  lirowiis 


For  t ho  most  port,  pri’ f ormoci  crowns  nro  nsoci  for  the  f.ibri- 

c.'itioii  of  interim  restorations.  Ulien  properly  fittisi  .'ind  contoured, 
those  di-vices  restore  prepared  and  dam.-i>;ed  teeth  to  function  .and  assist 
in  the  mainten.ince  of  the  integrity  of  soft  and  hard  supporting  tissues. 
A 1 nm  iiuim 

Anatomic  as  well  as  nonan.atomic  preformed  aluminum  crowns  are 
av.ail.able  from  commercial  sources.  .Softness  of  the  metal  facilitates 
trim.ning,  contouring  and  festooning,  hut  limits  service  life.  The 
cosmetic  features  of  aluminum  are  poor.  Therefore,  their  use  should 
be  restricted  to  the  posterior  are.as  of  the  mouth. 

(io Id  She  1 1 

hurnishable  gold  shells  are  intended  prim.irily  for  tiie  fabrication 
of  permanent  full  ci>verage  restorations.  Crowns  made  from  gold  shells 
are  less  durable,  less  accurate,  and  less  esthetic  than  crowns  cast  from 
gold  alloys.  The  relatively  higli  cost  of  gold  shells  cont ra ind i cates 
their  use  ns  temporary  restorations. 

Stainless  S teel 

Preformed  crowns  are  made  from  botli  hard  and  soft  stainless  ferrous 
alloys.  The  properly  contoured  and  adapted  hard  steel  crown  makes  an 
excellent  restoration  for  severely  damaged  deciduous  teeth.  Corrosion 
resistance  of  the  hard  alloy  appears  adequate.  Soft  stainless  sti'el 
crowns  .ire  used  mainly  for  the  fabrication  of  interim  restorations. 
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